To modulate alloreactivity after hematopoietic stem cell transplantation, ''suicide'' gene-modified donor T cells (GMC) have been administered with an allogeneic T-celldepleted marrow graft. We previously demonstrated that such GMC, generated after CD3 activation, retrovirus-mediated transduction and G418-selection, had an impaired EpsteinBarr Virus (EBV) reactivity, likely to result in an altered control of EBV-induced lymphoproliferative disease. To further characterize the anti-viral potential of GMC, we compared the frequencies of cytomegalovirus (CMV)-specific CD8+ T (CMV-T) cells and EBV-specific CD8+ T cells (EBV -T) within GMC from CMV-and EBV-double seropositive donors. Unlike anti-EBV responses, the anti-CMV responses were not altered by GMC preparation. During the first days of culture, CMV-T cells exhibited a lower level of CD3-induced apoptosis than did EBV-T cells. In addition, the CMV-T cells escaping initial apoptosis subsequently underwent a higher expansion rate than EBV-T cells. The differential early sensitivity to apoptosis could be in relation with the "recent activation" phenotype of EBV-T cells as evidenced by a higher level of CD69 expression. Furthermore, EBV-T cells were found to have a CD45RA-CD27+ CCR7-effector memory phenotype while CMV-T cells had a CD45RA+ CD27-CCR7-terminal effector phenotype. Such differences could be contributive, since bulk CD8+ CD27-cells had a higher expansion than did bulk CD8+ CD27+ cells. Overall, ex vivo T-cell culture differentially affects apoptosis, long-term proliferation and overall survival of CMV-T and EBV-T cells. Such functional differences need to be taken into account when designing cell and/or gene therapy protocols involving ex vivo T-cell manipulation.
INTRODUCTION
Graft-versus-host disease (GvHD) remains a major source of morbidity and mortality after allogeneic hematopoietic stem cell (HSC) transplantation. GvHD results from the recognition by mature immunocompetent donor cells present in the graft of alloantigens expressed by the recipients. GvHD can be efficiently prevented by T-cell depletion of the graft. However, donor T cells also have a considerable role in engraftment facilitation and they significantly contribute to major therapeutic aspects, such as control of graft rejection, increased graft-versus-leukemia effect and anti-viral immune responses. 1 Thus, separating the beneficial and harmful properties of donor T cells remains a major concern in allogeneic HSC transplantation. We have therefore developed a new approach aimed at controlling donor T cells, by administering, together with a T-cell-depleted bone marrow graft, donor T lymphocytes which have been modified by ex vivo transfer of the Herpes-Simplex thymidine kinase (HS-tk) gene 2 . This conditional toxicity, or ''suicide'', gene renders gene-modified cells (GMC) sensitive to a prodrug, ganciclovir (GCV). Should subsequent GvHD occur, GCV injection would lead to the specific and selective in vivo depletion of donor alloreactive GMC while keeping other cells unaltered. One could thus preserve the beneficial effects of T cells on engraftment and tumor control early after transplantation and throughout the posttransplant period for patients not experiencing severe GvHD. GCV-induced selective immunosuppression, restricted to proliferating donor mature GMC infused with the HSC graft, should result in a weaker toxicity than the broad immunosuppressive agents presently used for GvHD treatment.
Other major complications of HSC transplantation include CMV infection and
Epstein -Barr Virus (EBV)-associated lymphoproliferative disease (EBV-LPD). 3 
Delayed lymphocyte infusion of donor T cells can significantly contribute to the treatment of EBV-
For personal use only. on October 22, 2017. by guest www.bloodjournal.org From LPD. 4 ,5 HS-tk-expressing GMC, either administered together with the HSC graft or used as donor cells in delayed lymphocyte infusion might also contribute to prevent or treat EBV-LPD. 6 We have initiated phase I/II clinical studies to evaluate the toxicity of HS-tkexpressing GMC infusion and the possibility to control GvHD through GCV administration. 7 In our first cohort of patients given escalating doses of HS-tk-expressing donor T cells with a bone marrow graft from an HLA-identical sibling, 3 of 12 patients developed EBV-LPD. 8 Although these patients were at high risk for EBV-LPD (recipient age, intensive conditioning regimen, low T-cell dose, use of cyclosporine and, in one patient, a second transplantation following anti-thymoglobulin treatment), we could not exclude a functional defect of GMC.
We observed that GMC had an impaired potential to develop an in vitro anti-EBV responses, resulting from both culture-dependent (early activation-induced cell death -AICD) and G418
selection-dependent toxicities, toxicities preferentially restricted to anti-EBV T cells. 9 We therefore examined whether a similar impairment occurred for another significant anti-viral response after transplantation, namely anti-CMV reactivity. By analyzing and comparing in vitro anti-EBV versus anti-CMV GMC reactivity, we found that the ex vivo expansion and transduction / selection processes could have different consequences depending on T-cell antigen specificities. Furthermore, we demonstrate that a different phenotype of CD8+ anti-EBV (EBV-T) and CD8+ anti-CMV T (CMV -T) cells may account, at least in part, for the observed differential ex vivo culture-induced behavior.
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MATERIAL AND METHODS

Peripheral blood mononuclear cell isolation and subset selection
Retroviral vectors
G1Tk1SvNa and SFCMM3 vectors have previously been described 10 , they were provided by GTI (Gaithersburg, MD) and by Molmed (Milano, Italy), respectively. Both are amphotropic retroviral vectors encoding the HS-tk gene under viral LTR control and a selection gene (neomycine-phosphotransferase I and truncated NGF receptor ( LNGFR), respectively) under internal SV40 large T antigen promotor control.
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Preparation of gene-modified T cells with the G1Tk1SvNa vector
Generation of gene-modified T cells requires a 12-day culture, as previously described. 9 
Preparation of gene-modified T cells with the SFCMM3 vector
Cells were activated by soluble CD3 mAb + IL-2 and transduced as described above for G1Tk1SvNa vector. However, the G418- antigen (LLDFVRFMGV), pp65 late antigen (NLVPMVATV), respectively] was performed as previously described. 13, 14 For personal use only. 
Enzyme-linked immunospot (ELISPOT) assay
The frequency of EBV-T and CMV-T cells was determined using a human IFN- 
Statistical analysis
Statistical analysis was performed with SigmaStat software (Jandel Scientific, Erkrath, Germany). Data were compared using a paired Student's t-test or Mann-Whitney rank sum test, depending on Gaussian or non-Gaussian distribution of values.
RESULTS
Viral complications in patients receiving allogeneic GMC
We previously reported the occurrence of EBV-LPD in 3 of 12 patients given suicide gene-expressing GMC with a T-cell-depleted BMT from an HLA-identical EBV-seropositive sibling donor. 8 In view of our previous findings that GMC production was associated with reduced in vitro EBV reactivity of donor T cells 9 , patients' GMC may have failed to be protective against EBV. By contrast, none of the recipients of GMC produced from CMVseropositive donors developed CMV infection early after transplant. 8 This led us to investigate the impact of the gene transfer process on CMV reactivity, as compared to EBV reactivity.
Frequency of BMLF1-and pp65-tetramer specific CD8+ T cells in GMC
Peripheral blood mononuclear cells from HLA-A2-positive, EBV-and/or CMVseropositive volunteer donors were activated by soluble CD3 mAb and retrovirally transduced. Selection was performed as previously described, using either G418 for NeoR+ GMC or immunomagnetic sorting for LNGFR+ GMC. 9 11 The frequencies of EBV-T cells and CMV-T cells among PBMC, Co cells and GMC were assessed by flow cytometry using fluorescent HLA-A2/BMLF1 and HLA-A2/pp65 tetramer staining. As previously described 9 , the frequency of BMLF1-specific CD8+ T cells was lower in Co cells, than in PBMC ( Figure   1 ) and even lower in G418-selected GMC ( Figure 1 , black bars), but not in GMC selected by immunomagnetic sorting (Figure 1 , hatched bars). In contrast to BMLF1-specific CD8+ T cells, the frequency of pp65-specific CD8+ T cells was similar, or even higher, in Co cells or GMC versus PBMC ( Figure 1 ). We extended our observations to other EBV and CMV epitopes by staining Co cells with HLA-A2/EBNA-3C or HLA-A2/IE1 tetramers. As
For personal use only. on October 22, 2017. by guest www.bloodjournal.org From observed for BMLF1, the frequency of EBNA-3C-specific CD8+ T cells was significantly lower (P = .0001 and P = .04, respectively), while, as observed for pp65, the frequency of IE1-specific CD8+ T cells was not significantly different in Co cells and in PBMC (Figure 2 , white bars).
Determination of EBV and CMV peptide-reactive cell frequencies using IFN-Elispot assay
In order to confirmthat ourphenotypic results, we performed IFN-ELISPOT functional assays . As previously reported 9 , IFN--secreting cell frequency was lower in Co cells than in PBMC (P = .01) upon BMLF1 peptide stimulation ( Figure 2 ). In accordance with our tetramer staining results, EBNA-3C-reactive cell frequencies were lower in Co cells than in PBMC (P= .03), while pp65-reactive cell frequencies remained overall unaffected.
However, despite stable IE1 tetramer+ cell frequencies, IE1-reactive cell frequencies determined by IFN-Elispot assay were lower in Co cells (P = .03). Differences between phenotypical (tetramer staining) and functionnal (Elispot) assays have been reported when evaluating virus-specific T cells. 15,16 These differences may be related, in our study, to differences between the expansion and survival potential of CMV-specific cells and their ability to secrete IFN-. We therefore extended our functional assay to other CMV-derived peptides. Results with three HLA -B7-restricted CMV peptides, derived from pp65 (TPR and RPH peptides) and IE-72 (CRV peptide) proteins, further strengthened our findings that exvivo culture did not reduce the frequency of CMV-T cells (142±53%, 138±40% and 202±85% of PBMC, respectively; n = 3). Because similar results were found with the different peptides derived from the same virus, further experiments were performed with one immunodominant peptide for each virus (BMLF1 for EBV and pp65 for CMV).
BMLF1-specific CD8+ T cells exhibit a lower relative cell expansion than pp65-specific CD8+ T cells
Using PBMC from CMV-and EBV-double seropositive donors, we calculated the expansion rate of HLA-A2-restricted pp65-and BMLF1-specific CD8+ T cells over the culture period required to produce GMC, i.e. from day 0 to day 12. As shown in Figure 3 , the expansion at day 12 of pp65-specific CD8+ T cells was significantly (P = .023) higher than BMLF1-specific CD8+ T cell expansion, while the expansion of total CD8+ T cells as well as total cell numbers was usually comprised between the expansion of pp65-and that of BMLF1-specific CD8+ T cells. Kinetic studies revealed that absolute numbers of BMLF1-and pp65-specific CD8+ T cells decreased during the first days of culture. The decrease was greater for BMLF1-specific CD8+ T cells than for pp65-specific CD8+ T cells. Subsequently, both T-cell subsets increased with a persistent difference between them ( Figure 4A ). Similar findings were observed when examining the frequencies of BMLF1-or pp65-specific CD8+
T-cells over the first days of culture ( Figure 4B ). However, after an initial decrease, the frequency of BMLF1-specific CD8+ T cells subsequently remained very low while the frequency of pp65-specific CD8+ cells increased markedly, with day 12 levels similar to day 0 levels ( Figure 4B ). Representative profiles of HLA-A2/pp65-tetramer staining at different times of the culture are shown in Figure 4C .
Apoptosis of BMLF1-specific CD8+ T cells is higher than that of pp65-specific CD8+ T cells
Culture-dependent loss of BMLF1-specific CD8+ T cells results, at least in part, from a preferential apoptosis of these cells, occurring early (i.e. within the first three days) after CD3 mAb-induced PBMC activation. 9 As we observed an initial decrease of pp65-specific CD8+ T cell frequency, but no loss at day 12, we hypothesized that pp65-specific CD8+ T
For personal use only. on October 22, 2017. by guest www.bloodjournal.org From cells were not prone to such early apoptosis. To explore this hypothesis, we combined tetramer-PE staining with annexin-V-FITC staining in order to assess the percentage of apoptotic cells among BMLF1-and pp65-specific CD8+ T cells using EBV-and CMVdouble seropositive donors. As previously shown by us 9 , the spontaneous (i.e. in the absence of activation) apoptosis of BMLF1-specific CD8+ T cells increased after 24 hours of culture (48.9 ± 2.8% annexin-V+ cells) and decreased thereafter ( Figure 5 ). Moreover, after CD3 mAb -activation, the fraction of apoptotic BMLF1-specific CD8+ T cells was further increased at day 1 (64.6 ± 2.0% annexin-V+ cells), thus demonstrating the induction of AICD (nonactivated vs CD3-activated cultures: P = .025). Spontaneous apoptosis and CD3 mAb-induced apoptosis of pp65-specific CD8+ T cells followed the same kinetics as BMLF1-specific CD8+ T cells, but to a lower extent (non-activated vs CD3-activated cultures: P = .096). The CD3 mAb-induced apoptosis of pp65-specific CD8+ T cells (37.0 ± 4.5% annexin-V+ cells at day 1) was significantly lower than that of BMLF1-specific CD8+ T cells (P = .006) and was similar to the CD3 mAb-induced apoptosis of IE1-specific CD8+ T cells (48.8 ± 11.1%
annexin-V+ cells at day 1) or, as previously reported, to the apoptosis observed in the overall CD8+ T cell population.
9
Relationship between CD69 expression by BMLF1-specific CD8+ T cells and sensitivity
to AICD
Since the apoptosis of BMLF1-specific CD8+ T cells was mostly activation-induced, we performed a double staining of fresh PBMC with tetramers and an early activation marker, CD69. As shown in Figure 6 , CD69 expression was significantly higher among BMLF1- As shown in Figure 7 , BMLF1-specific T cells were predominantly CD45RA-CCR7-Tem cells (66.2 ± 6.3%) while most of the remaining cells were CD45RA+ CCR7-effector cells (30.9 ± 6.4%). By contrast, pp65-specific T cells were mainly CD45RA+ CCR7-For personal use only. on October 22, 2017. by guest www.bloodjournal.org From effector cells (63.2 ± 7.9%) while most of the remaining cells were CD45RA-CCR7-Tem cells (34.8 ± 7.7%).BMLF1-and pp65-specific CD8+ T cells were thus significantly different in terms of CD45RA-CCR7-cell (P = .006) and CD45RA+ CCR7-cell frequencies (P = .003).
BMLF1-specific T cells were mainly CD45RA-CD27+ memory cells (53.4 ± 5.6%) (Figure 8 ) while remaining cells were mainly CD45RA-CD27-cells (13.0 ± 3.8%) and CD45RA+ CD27-cells (6.8 ± 2.0%). By contrast, CD45RA-CD27+, CD45RA-CD27-and CD45RA+ CD27-cells represented respectively 22.4 ± 6.0, 13.7 ± 3.0 and 42.5 ± 7.4% of pp65-specific CD8+ T cells. BMLF1-and pp65-specific CD8+ T cells were thus significantly different in terms of CD45RA-CD27+ memory cell (P = .0001) and CD45RA+ CD27+ effector cell frequencies (P = .001).Lastly, combined CCR7 and CD27 staining ( Figure 9) demonstrated that the majority of BMLF1-specific CD8+ T cells (53.6 ± 5.7%) exhibited a CD45RA-CCR7-CD27+ phenotype, whereas a large fraction of the pp65-specific CD8+ T cells (43.2 ± 7.2%) were CD45RA+ CCR7-CD27-terminal effector cells (P < .0004).
Relationship between the CD8+ T-cell differentiation phenotype and cell behavior during culture
As 1) BMLF1-and pp65-specific CD8+ T cells exhibited a different sensitivity to apoptosis and 2) were mainly associated with CD45RA-CCR7-CD27+ and CD45RA+ CCR7-CD27-subsets, respectively, we examined whether a CD45RA/CCR7/CD27 phenotype was correlated with increased sensitivity to early apoptosis. Highly purified (> 98%) CD8+ cells were activated by soluble CD3 mAb + IL-2 and stained 24 hours later with annexin-V and CD27, CD45RA and CCR7 mAbs. Apoptosis was found to be similar in the CD8+ CD45RA-CCR7-CD27+ subset (33.7 ± 3.8% annexin-V+ cells) and in the CD8+ CD45RA+ CCR7-CD27-subset (36.3 ± 7.2% annexin-V+ cells) thus suggesting that a For personal use only. on October 22, 2017. by guest www.bloodjournal.org From differential CD45RA and/or CD27 expression was not associated with a differential sensitivity to AICD.
The second parameter accounting for a maintained CMV reactivity in GMC was a higher expansion of pp65-specific CD8+ T cells (mostly CD27-) as compared to BMLF1 -specific CD8+ T cells (mostly CD27+) (Figures 3 and 4) . To broaden our observations, bulk purified CD27-and CD27+ T cells were activated by CD3 mAb plus IL-2. CD27-cells has a similar or even lower proliferation than did CD27+ cells, as assessed by thymidine incorporation after 3 days (41±11x10 3 vs 44±22x10 3 cpm, respectively, n=2) or 5 days (32±2x10 3 vs 52±5x10 3 cpm, respectively, n=2) of culture. By contrast, when cells were enumarated later (i.e. at day 12), a constantly higher cell expansion rate of CD8+ CD27-T cells versus CD8+ CD27+ T cells was observed ( Figure 10 ). This result is in agreement with the higher expansion of pp65-specific CD8+ T cells than BMLF1-specific CD8+ T cells illustrated in Figures 3 and 4 .
The balance between cell death and cell division determines the differential expansion rate of BMLF1-and pp65-specific CD8+ T cells
The higher apoptosis rate among BMLF1-specific CD8+ T cells versus pp65-specific CD8+ T cells (Fig 5) may have resulted in the differential cell loss observed during the first three days of culture ( Figure 4A ). To explain the subsequent expansion of pp65-specific CD8+ T cells, we hypothesized that pp65-specific CD8+ T cells that had escaped early apoptosis may have had a higher cell division rate than BMLF1-specific CD8+ T cells.
Alternatively, both subsets may be equally proliferating with a higher cell death of BMLF1-specific CD8+ T cells as cell division occurs. In this case, BMLF1-specific CD8+ T cells might accumulate less rapidly than pp65-specific CD8+ T cells, thus resulting in a lower expansion rate. In order to discriminate between these two hypotheses, CD3 mAb-activated
For personal use only. on October 22, 2017. by guest www.bloodjournal.org From cells were stained with CFSE at day 3 of culture and stained for BMLF1-or pp65 tetramer at day 5 of culture. As shown in Figure 11 , the mean fluorescence intensity (MFI) of CFSElabeled BMLF1-specific CD8+ T cells was lower at day 5 than the MFI of CFSE labeled pp65-specific CD8+ T cells, suggesting that BMLF1-specific CD8+ T cells divide more rapidly than pp65-specific CD8+ T cells. This result, when combined with higher numbers of pp65-specific CD8+ T cells at day 12 suggests that BMLF-1 specific CD8+ T cells die rapidly throughout the 12-day culture.
DISCUSSION
The administration of suicide gene-expressing GMC is a promising approach to control alloreactivity after HSC transplantation. In this setting, the immune function of infused GMC, especially their anti-viral reactivity, is of crucial importance. We have previously established that the gene transfer process could significantly reduce the frequency of EBV-T cells in GMC as compared with PBMC and control cultured (Co) cells. Two critical events are responsible for the loss of EBV-T cells during GMC production:1) early sensitivity to AICD during the first three days of culture, 2) toxicity of G418 on NeoR+ EBV-T GMC during selection.
To further explore the anti-viral reactivity of ex-vivo gene-modified Tcells, we analysed in parallel GMC and Co cell reactivity to another relevant virus in transplantation, CMV, using peptides derived from early (IE1, IE72) and late (pp65) CMV antigens. Our results demonstrate that, using either tetramer staining or Elispot assay, CMV-specific CD8 T cell frequencies were not altered in the course of GMC preparation, very much unlike what was observed with EBV-T cells.
As previously reported for BMLF1-specific CD8+ T cells, 9 we observed that initial CD3 mAb stimulation induced pp65-specific CD8+ T cell apoptosis, but to a lower extent.The initial loss of pp65-specific cells was thus lower than the loss of BMLF1-specific CD8+ T cells and the subsequent expansion of cells that had escaped early apoptosis was higher in the pp65-specific subset than in the BMLF1-specific subset. Moreover, whereas G418 selection (and not immunomagnetic selection) has been shown to further enhance the loss of BMLF1-specific transduced T cells, neither the transduction nor the G418 selection process was harmful to pp65-specific transduced T cells as Co cells and GMC selected with either G418 or immunomagnetic sorting had similar pp65-specific T cell frequencies. Based on these findings, we combined CD45RA, CD27 and CCR7 markers and established that pp65-specific CD8+ T cells exhibited a different, more differentiated, phenotype than BMLF1-specific CD8+ T cells: the former were mainly CD45RA+ CCR7-CD27-terminal effector cells as has recently been described by Van Leeuwen et al. As BMLF1-specific CD8+ T cells had a higher overall apoptosis sensitivity than pp65-specific CD8+ T cells, we tried to correlate this sensitivity to their phenotypes. The phenotypic differences between BMLF1-versus pp65-specific CD8+ T cells were not associated with the differences in apoptosis occurring after CD3 mAb activation in BMLF1 -specific CD8+ T cells versus pp65-specific CD8+ T cells. We did not find any significant differences in terms of apoptosis levels between bulk CD8+ ''early'' Tem cells (that contain most of the BMLF1-specific T cells) and bulk CD8+ effector cells (that contain most of the pp65-specific T cells). However, the level of ex vivo CD69 expression could be a parameter contributing to the differential sensitivity to apoptosis. In agreement with Catalina et al. 26 , we found that BMLF-1-specific fresh CD8+ cells frequently expressed the early activation marker CD69. A novel finding was a significantly higher frequency of CD69+ cells within BMLF1-specific fresh CD8+ T cells than within pp65-specific CD8+ T cells or tetramernegative cells. We also found that the small CD69+ fraction among bulk fresh CD8+ T cells was more sensitive to AICD than CD69-CD8+ T cells.
We noted another difference between pp65-and BMLF1-specific CD8+ T cells: the dormer had a higher expansion rate during the 12 days of ex vivo culture than in the latter. In addition, this difference correlated with their phenotypic differences : CD27-purified T cells (containing most of the pp65-specific T cells) showed higher expansion rates after CD3 mAb activation than did CD27+-purified T cells (that contain most of the BMLF1 -specific T cells).
These results were rather unexpected, since terminally differentiated effector cells are usually considered to have a low proliferative potential as well as a weaker division potential than memory cells. 16, 27, 28 Such discrepancy with previous reports may be related to the methodology used to evaluate T-cell expansion. In our hands, CD27-cell proliferation, evaluated after 3 to 5 days of culture by thymidine incorporation, was similar or even lower than CD27+ cell proliferation, a finding in agreement with other studies. 19 By contrast, cell numeration performed on day 12showed that the CD27-subset had a significantly higher expansion rate than the CD27+ subset.
In accordance with the early Tem phenotype of BMLF1-specific CD8+, CFSE staining established that such EBV-T cells has a higher division rate than pp65-specific CD8+ T cells.
A hypothesis is that pp65-specific CD8+ T cells might accumulate more efficiently during culture, despite exhibiting a slower cell division rate than BMLF1-specific CD8+ T cells, due Other cell culture-related parameters may also impact on cell proliferation, such as nature of initial activation or length of culture. 9, 29 The type and concentration of cytokines used during GMC preparation may also be relevant in this respect. CD45RA-CD27+ cells, unlike CD45RA+ CD27-cells, secrete IL-2 upon polyclonal stimulation. 19 Thus, in the presence of low exogenous IL-2 concentrations, autocrine IL-2 secretion by CD45RA-CD27+ cells might favor their expansion at the expense of CD45RA+ CD27-cell expansion.
By contrast, in the presence of high exogenous IL-2 concentrations, as used in our culture conditions, IL-2 might not be a limiting factor, thereby allowing for the preferential expansion of CD45RA+ CD27-cells (containing most of the pp65-specific T cells) over the CD45RA-
CD27+ cells (containing most of the BMLF1-specific T cells). This hypothesis is further
substantiated by the observation that CMV reactivity can be lost when CD3 mAb-stimulated T cells are expanded in the presence of low IL-2 concentrations (25-50 UI/mL).
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Associating IL-2 to other cytokines, such as IL-7 or IL-15, or CD3 mAb with other costimulatory signals, such as CD28 or CD137 may also be relevant to selectively drive the ex vivo survival and expansion of naïve or memory cells. [31] [32] [33] [34] [35] In this respect, we found that CD28 costimulation improved the expansion of CD8+ CD27+ cells (mainly CD28+) as compared to the expansion of CD8+ CD27-cells (mainly CD28-) (data not shown). Such a finding is in agreement with our previous study reporting that replacing initial CD3 activation by CD3/CD28 costimulation limited the loss of EBV-T cells. BMLF1-specific, pp65-specific, CD8+ and total cell numbers were calculated from the percentage of tetramer+ and CD8+ cells and from cell numeration from day 0 to day 12 (Mean ± SE, n = 8). The mean ratio of pp65-specific CD8+ T cell expansion to BMLF1-specific CD8+ T cell expansion is indicated on the histogram. 4 4 For personal use only. on October 22, 2017. by guest www.bloodjournal.org From 4 4 For personal use only. on October 22, 2017. by guest www.bloodjournal.org From CD27+ cells were immunomagnetically purified from PBMC and the CD27+ (white squares) and CD27-(black squares) fractions were activated by CD3 mAb and cultured in the presence of 500 UI/mL IL-2 until day 12. At the indicated time, cells were stained with CD8-PC5 and numerated in order to determine relative cell number (Mean ± SE, n = 5). 
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